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I. miilODUCTION 
A. tRC®mptot®iy %ecifl#4 Medals 
L,et u« »«»wBie tite eoaip®ii«it »f m*.te»€# aaodel 
+  + .  ( 1 )  
whrntei 
-j el»I, k a i, 2».., s J 
•aj is l#{®, h fe|j ts Mt®, r| ) sad i» l^ -0» r* ). 
We wtsfct to test a li|rp©tktaii eome-tfatag. a|* M r|^  2 ©•, thea 
'^ tjk I* *1 •*" i^j ^  ®.|jig  ^ ®< / 
I (21 
•" I*- * 'I * J 
In •liiin en.®# (1| t« saM t© hm am. ta«i«*»jpI#Mly sp«©.tfl®«i aaadel. K, 
li©w«veir, *£ 7 «  ^ « . , . . . itx 
'  ^*1 + ®t| * '^ 1 
sm4. PI Is c©m]pietety ,i|»e€ifl«i. i£v  ^»Gt 
l^|te * I*  ^
auad again. |1) t« e®sapl«l«lf #p«ieMl«<4. 
W« wl»k to test tb# S a,ga.i««t tlfce alternative 
tt|J »•* 7 ®. Mew l#t tt« .ass«m« -m. ttav# th« c©«ipl«tisly .ip«eJfi«4 model 
gtwa hf fIJ* Tlitii ir| 7 Q aai w« ebtaia thm aaalysis ©f mvHmm glvea 
ia Table I,. 
2 
TaMe i, Coraf^ ment of varlataee, aaoto wllk rf > 0. 
Aaaly»ls of variaiiee 
ioayee ©f irariaHoa 4.1 Meaa Sfmre 
Be'tweta ii|«i«l rf, f SfT# 4 rm^ 
» o • a. 
BetW't«ii ji wttMa A 
^2 + ««•? « * *% 
Witfela B 
Thmn it fellows fro®a tto llk«llho©i tati® principle t&a® tlm afpropriat© 
lest th# t#»t gtsittstit 
 ^ (5| 
aad to rftjeet tf Z wlke.re « ts prescrifcedi level of 
tigwtftiaaie* .^ TMi t#»t 4s nmm pool t@sl.. 
Ne«t let US a»««0s« tJ^e comftottlf if«elfled iiiMel giirn® by (4). How 
kit# exfi@mt%4 mmam ol f»M« 1 a© lf»g#r l»eltiM4» f*| mmponmnt 
since r| « 0« Aj^ lteatloii, mi tli# Jikelih©o4 mite l«#t pr®««d«3e# to tlite 
i»oi«l for •&# t«sl of giifits «» tae t#fl carttaMom 
° 
a-iid til® iTttl® t© ire|«ct if 2; TMs giv«s ws Ihe 
«klway« pool test. 
m 
• I a a 
I  s 
!  i  
s s 
I ^ 
I  ^ 



















X4jk«i' + ai + )>j+(ab)y + iyk ' <'> 
I. « v^$ J ® * • • # 'S'l '®' Hf .^ # * * ••»4  ^
lij 4i !!(§» fl"! J, it l^ 'i,. ffjijl- a»i m||^  it MO, we wtife to l#.st 
tit® » #, agaiast tlm allemattw Hjjr| ? t, bmt: aye 
matettrnto.»» to «pfc«Oi«t • 0 ©t 7 0i iJiem we a »ltttal4©a 
itaal@g0ii« td ^&m S«sex'llie4 itJb#fie« Amiogdms sllttalioms of 
plelely jiikeiilll#!! wlilt tte m&d«3. ii8eii.si«d in 
lli$ following s«etle». 
mtim la e^CTiia^alat i«slpt w&«ir«' tlie m&€%l 
Is ii&t spttetfltt'ji. Fttrl^ kW'txxiex'ei wilk tkm wi4ftr applieatlom 
&i aiialf #ts ©f v»i»ta»fe« te 0pe»ti#iiial *«#«air«:fct mA lo tli,« »t«.4y of 
w&ntlvm iat&» iLii»lfs«s nsre olt6a m9i.4.m mi 4l&la whi-ek ltftv@ not 
if&m m 4<»$%iu6d «iepeirtoeat; $mi. Im 8llimli0xi« tki« mo4«l Is often 
taeoi»p|el«ly s|»e<isill««i» bi $m€h eai«« '@f tmedttaiaty, prelisalnavy tests 
hmfm oftem %««m ii#«d te the pisi »• am sM I# 'tliooAitig iksi mppx&pti&te 
mo4«l. 
Fa«ll A»mrih^» tte following 't3^#rtme»t om 'tke 
smxT€®s &t irayr t^eliillty in l^ e ^ t«:i*]iiiiiatlom ol prote'ln eemtsxtt of 
wli#at Ity difl«r«iit lafe«*a.tofl«». ®f *• lafge p&poiMtifm &i laboya.--
to'rles tn 'ttose wwn telt'ele^mt mud meh of tliem asleep 
tO' analyse ii smhsmm- l^ma #£ »ftm« s^«i3»pl9 of ^«at, making five 
protein &ter»imti©a# ©a «a,ieh ©I two iay.i. JL#t ae^nj d«note Hie pfotein 
ieteif»lmtioia firom tit© J-th sample ^aaly«e4 ©i* th« iay at t&e t*thi 
lal>or9lo:ry. Tken it is 9.ssum«4 tlMal tkm &'ta a.de%«iately (ib'Sex-lb^d 
5 
liy Use mod®l 
labiimttsry vmriaM®#, i' th» 4a.f wrtaMe®# 4||, and th& 
left &ve .§.8Sixm«4 I# te x&n^m tamfl## from &« 
re.8pecttir« a€»ir.»al pepirtatteas .ti|0, »j.lf, If(it f|) »ttd lf|0, ff*|, Tit® 
saalysii #1 m. fcbe iJiev# It skmm li«low. 
TaM# Z. Component ©f varlaii.e® mm4»l «3tina|»l«. 
Aaalysl® of mximm 
Source &£ mttallon d. i. M»'m. .«%«aire 
B«twe#a lai-®i*itt©rl«s a i -y- ®r| «|f£ 3 M 4* S(r|^  f 1§  ^
Between days 
ls^@ratoiri6i mg9.% rl « r* I s + Sr| 
Withia diiy* Hj « 24 V, fl •#£ I M 
Tli@ ffistn .lat@T«i(t M tte !!«• I» Isslli^  wh»ihMv f&e la.l»ofa« 
tdyi«® l»lr©ite« -smf •rartali.ttltf uddttloaal to -ftiat eme t^tnlered within 
9ik<i%. l»^or»feeryt tel It* teatliig th« ubU' « O 
agateit til# alternative 7 0. It t» well im®mi (and t»di«at«d fey tiie 
al»©ir® tsfctolej il»t t&t apfropriitte F »tafciille 'to mne if ^*d«ss 
« S, i» wMcli ea.«« w- «l»ald pml lad Tj amd us® tim «tafcis.tt€ 
in^ + T j 
I 
tli« p3f«®eal meaa Vi* and Tj. witli 
wlticli tk« p©0llag ]pjr#eeia»«! ii ©oac«-i?««4, h&m a*ls«» from wlutt t« 
lea©wii m a M«3P«rcMcal!»? aniklyst# M wirliaice 
wttli Ub'QTUmi«ts m f,tto**y iwltn, <iiy« a# sftcmMlary msA t@sl 
ttsuils as ai« final w« &»ir@ ajtamei it 
«@aa|p@a«al af wm'hmm HI' ©©nsisttog «alii*#ly ol a®5pmal 
«.||«et m.ir4at«s. We »a«y tiiwtea.ii'ia* c©iui«f»«»«#» ©f «meli a 
fey tlitt# #«»eallal- featef®»s' 
(I) Tit® Are# 3®«aii Sfttar#« V| mm ttti«f®«Mi«atIy il«ljr4tewte4 its 
 ^ f *1.  ^ f ® statistic f©r a| €«fjr««i 
mi 
fii) T&:# »iiats pmpmm #f llit atolytt# Is I© t««t ii# awli 
<r| » r| agate®! --Itoe aUeiaaSiir# ir| 7 r| . 
(til) Thm mwrm mmm. tqmre Imt* enpeetatlem r| wMelh Is greater 
tlkfta ©* I# ir| , ©f ifc® ieaitf-al •i-roy mean 
Tp wM©h mmf &» aia.y ant fe« 
It l» ©leaf t&at tlk« afeove <©» lki«ajr€lilis.al}' claasiflcatioa is »ot 
tk« «ttly analysis mtimitiMmm « i^liii.tl@tt fi^ Hag ri*® t® %%» »feoire esMadtiioas# 
|ij, (ii) anil |iii| wMisli w® tate I® idtefto# tli© M©i«l II pooWwg |»i?©€eAttre. 
irfete,!?® ar©' miimtyott* aaalysit ®l ynfiaiie® taMes jrts i^dtimg in &« 
«a»a« 'tesi silmliom. A» «» «»i3apl« w« janty tli« Iw© way eljitssi- • 
fi«att#i* wttli l>©t)h. £a«to3f« madei® *ad ««ll r®|»#ttttoi». Mere "Vj would 
pl»y tfc«"f»aipl of the wt'lSiln ««ll m«asa, wkll« fg w.c«il4te# fepres^mted 
liy resMttal ia twe-wmy ««»ly«is. 
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m4 a »*4 

















The wmin pmpom ©f ft.e ts %& test lfct« ©fttaltly of the mlioa 
mmus, tibat ti, to test tie liypotliissti « 0 agaiast tli« alt«taatlve 
HjS 7 i. T&« pte®«at sitwttoii Is tibtirefofe liifi«ti€'al witli flhat ©f &« 
c©wBa|ioft«mt ©f mrtawce m©4«l eiH:.«pt 'ttiat tti# t3r«atei«»l stim s-qasres, 
•!» 4istflbttte«l m y. r|,, wliere k is tit# aoa-eetit*al x  ^
.»tt.lte with nj deg«.. .£ freedom? However, we .1»U .tow a.t 
•3r«C:emia«a!iattomsi b&t<®4 tt|>oa •&© y«s«ils #l»tate«A im lli« tm^mn Bao4«l 
can l>« iaa4e tite fhm mate l©ir -t&i# ar« a.® 
f©liow«s 
|4) la the case ®f thm aiail mi »e'l»#»lsEB«al 
•tli« mtssei aa©i#l I& ntical ihtt raaiem »a©ielj 
h«t»e«' nil mw y«is«ll8 ©m #!«« €m*v«« mm iteeclly a.pjpli€«i.Me. -
fill In .|li« «at® ©f fttis Ikff©tl»sis mn »ppif Fatoatk*# 
£&w &m nm*mntw%% and, Wierefoife, 
we mn Apptf om p0wmr &©• t&© fse®«wl titttatioa toy aaakteg 
certate tifsasfotsoation r. 
ifcifproprliil® »aa-'e«atraltty par«.m«ter- will %« glvea to 






























































J « I 
! I " 
! 1 
1 r 













4 I  1 
•*« 
4 
1 I ^ 
11 
in. BERfVATIOH OW KXACf AMB AFFEOlKlMATi: FOBMULAS 
rm FOWEE. COMF©HENf OF ITAHAMCE MOBJEt, 
A. Formttlattoii &£ t%m Fooltiag Pi-oeedwe 
W« m&w isrive fof»«la.» for -ttt# |>©w«y lai si«« of th« foollni pro-
a|ipli«4 1® tfcMB^ €o»ipoii«ttt of m^jaae# modtl 4«8crl&#4 ia 
S«cli©m 1. hmt «« ftT«t «l»t# lh« im uoaibyeimatical tsirms. 
We B.T0 giwsa am aaalfst® of vatiaac# fcaW# as sliown l>elow. 
TaW« 4. OoBttfoiMi'rt: of •mviMmm moi#!. Amalysis of mriawc# 




Boabtfisl «Tr©r H r| 
We a3r« 'tei.t«y«sted 1» testing the hyfoth«si» H^s r| »r| agatest (flie 
alttrAaH"^® ^ Itaown titet «r| 2: «"!. W« assume 
th® smms of sfuartt's a|¥| are 4ni®p#m4.®»tly dl»tyfliat«il a» 7: f srl wht«re 
X I Is 'th® cetttral 7-^ statistic bas«4 oa a| degi*#®* of freedom. Tim 
test i>roe«dii*« witli aomettmes pooling aad Vj is th«n as follows; 
12 
if 
etfeter -2 F l-it.i audi Z F I' * 1 *ttg, * 3 2 »3i »| 2' 
m 
wli«ifte V • t^iVi + ^ ®2) .5^ i«| i« til® Uf>pisv 100a % 
pmiM <»f .the F mmmmrn Wim mmmrn^x ci - «I«4 4momin^tor 
i. f. asa. . J 
TJke prebafettltf.i- F». &£ ,t«Jeettai H^». -wiiicii i» is thm pow^r 
o£ the «e.l proeedur., I, » foKtion of th. deg»«a of f««dom, Oj, n  ^
amii Hj., 'tke t%tlos,: 
.lgnlHc»n« empJoyea. a,. .nd.,. In ft. .p«ci.a ca.. wh™ 8jj . 1 
feis p&w^t If #^«i«ii. -to III# .of fee tmsU tl»t i®, to the: type on© 
•rfaif.- Jte geaeril ft® ,|»ow#r F ii obfcate«4 ss -the mxm of two compoa-
•eats «o.f t«..s|i#ttdlag t© l&@ ipttlaally ftMeirmatIv#® hea..«l«4 by 
ell&et mii m In ll» i(®:li«ttti>a :al»©isre,. 
Pi ' I Vj/Vi Z Vj/V^ 2 *"n3,nj,l'»E> j . <"» 
P2 » !•»•• [V /^V, £ «»4 Vj/V 2 . (H) 
B.. ItttegjMfci Expjr^sstett# fo  ^ti*e Fewey 
Uefiait® lmt«gml« i&w Fj a»d will aow be fieflved, •fbe joint 
denstty of Vj, and Vj Is given by 
13 
x V  T " ^  ^  X  f  1  * ^ 3 ^ 3  s  
<• ^3 } 
wli«t« Cj is & e&mtmt tad®p«dent of Tj, aa^ "Vj. By introdkciag 
mm variates, 
^2^2 «3^3 
ami liit«f rating ©at w m m gaaa^ma. fyaicttoa, me obtain tlw joint density 
of lij and »| as 
®«+n- a« 
*3 S , 
2 " - " "  X  "  
c-*w» m-#j E I 2 
* —* f-*- ~ » 
'®21 »32 + "JZ"! + "l^ Z* 
 ^ ^2 
'^ "•"'=2- y », n,.n, • " z i ' -  ' 5  "  < ' «  
B( "Z^ •# t B<X • "V" 1 ' ^ 
Let tt® new aaalte tli®- transformation 
^2 
•>4 ® , If a » 
^21 *^S2 
The Jaeobian of tiits transformation is ^2.1%2* j®*®* density 
of u and V become m 
n-4n  ^ a» 
<S "5 I •3'- I 




fim fr@fe»lillity «f tejectittg Om hfp&thmBiB. is ©feUtlaeA hf tetegi-afctiig 
l|mi ¥| tfc@ tw# »»g®« ©f m.iFiati@a of » aa4 v wfeicit G0tir«i|»@iid 
to Hi# Iw® alt#r»ati¥®# «ifc&©t »ai ©y ©f (f|. mmgm  ^




f: m z, » g—"  ^ee. i 
^21 ®SI. 
0 f: *i 1~- » -*—g-w—---. ; 
*21 ® 
(m 
wh&m wT « ©.„. ®S 
o 3 
a 3 - _ _  « « 
(16) 




f|m, -r)' if" itt I ("I 





wkere It a a— » c « » a^wd 4« » (If) 
^21 i^ri2 **|,| 
C. Esatt .Foi-Bawli-B 
i* Series formulas 
From |l3j &a€ |17>, 
iMJi 
IPj » It ® '' iv dtt 
»,+»*+»« 
C/i ,t ..1:.„A - • 
* • (I + a f w| 2 
wh«if# k « - * 
», »_ a, 
'm i  * imJ  * #v M\ 9 I m\ t — I 
l.«t Y *' rT"ETw •' easily fei?tfi«€ that 
v . i ^  ,  a v .  |l-uy) 2 
I 
^3 njfii, m^+a  ^
amd, ^1*4 ( y  ^ ||.ay|-" '^;"  ^^ jul Z "'"' dydn , 
 ^ -S + 
where «, • I- f .  >  d a  "  
Let a » I -tty. d« « -m iy . 
1$ 
1^/ * ft I t w •I 
»*• •• I 
Then Pi.kj I • -ih»L H 
~Tr~ {I + tt| 
wh«e . lUlaw • '"> 





u m 4» dW.*: 
(1 + u} 
wk^m 
Hj+nj 
f(«J ss 8 
.i 
•R- \ a-,+ii« /a.- A Wj+Ug 
 ^. ij  ^ ( "^2 ' 
-r-O ) 
' ' « ' + + (-1)' 
«3 , 
+ .  . , . +  C . i r  i  
TJbe iafcegrattem wtii r®sp«ct to s gtv«8 ms# ttpsa ,»ii»plilteati©», 
^«0 
Fj » g(u) €m 
iy» 
f (a) » 2m'X 
whm'0 
I "Tai""* A I ..Kj-.— 
21 I . / 
.1 
»j+n  ^
U m A m f " ' t "  {aj+»2+2):C l+tt4-dm) -1 
I? 
T - j  ^ - 1  l / - j  ^ - 1  
+ , ' »t+ay 
.«4~-?+2 +3 
r t  ^  f i j  
I . 1 " " *  - i l - l  - J L  • !  ® - 1  
zl J J  j U u ) ^  u  .  ,  |-1|:^  + 4. - 4 + . - I t "  n i f ^  
• • v« 2 . .  • • •  ;  
—.-«"•— -tj —»—— -i 
'M -iPf 
C»j+n.2+2JH.l+m+itt]| Uu+duJ 
Before to ialsgtste th®## ttraa*, let m» coii»iii«s' a geaeiral 
hm H « SEl: «  du-
 ^ (fHrn+ial® 
t,@t tt« womMM %hm traasferjaafcl^ a 
, • ,1 
 ^ * l+m+S"' 
&«»• « • . 
C1+#T  ^
tJfwjft siiapliflcatteift# w® ©btaia. 
H . —W y"-"-' (i-r)" dy 
18 





wfetif® 1^ Twii * ( Z 4 f  
Mo* l©t iailieate Ifc© TOc#«««i*« t«f»s «jf Fj m F||« i^3-» * • < • • 
F| ^  »  F r & m  ( M $ )  tfc fellow# ilta.| 1 
r-





11 ' • 4m m 
ii| a, a, a, 
2 k M'i i I 
Ca^+ii2lO+# T 
m, m* 
' T - X' 
 ^J B| -f.  ^ ){M d) X 
•mp&a ef fe iwQm {14|. 
r 
^ u '  ' n  
f m 
J 
dm + © 
4-1 







e j 2 -  - C2S1 
•4. I 
If 
tt| «« «| % a. 1*5 a. ft* 
^ 1 2  T  W x  « 5 j 2 » f x * X ^ ^ ^  W X ' X  
12 fl mi-rn 
IH4JT Cl+i| 
a,+a- m, «, a- a,+n, 
<-''~2f-~*^®'^ X* X J®<X *• *""1— 
"2 
X 
«» K* Si tl~ 
Bt-y ^ 
®1 «j «2 
b|-2~ (-j|~, -J- + i| 
—rrr*'"" —  ^ »• fr®aj appHcatl©a of (23>, a«4 
upea i!i&-stltttiteii ®* imm |25| mA #f k iwom |14). 
'Using &« jproeeiar# laifcal(i4 in. ©mlastlng F j j aad lormiilas  ^
for 'tito r«3aaa,iateg, terms caa be te geaeral* th« J-fe 
tefJB {I  ^i - ^  -ll ts seem t& hm pif#toet of two ©agressions* 
n, 
Pjj » h£ .^..V..I-I.. 
1 





®1 ®2 f ^2, 
B|»g- +j-1 +t>J -fj-l-y, -g- +ip| 
(1 f dr 
m 
«! **2 **3 *^^1 **2 
.gutostitafctfiig feir ^•'' »• —2-~|. and ®({-  ^+ + i*) 
4» mmh term aai .colie-citing t#rms, we opiate 
a,+113 <»i"^ag, '*2 X 
1 e I 
 ^ T * X ^  
( - / - I )  r" a 
^1 ^2 
1»| 1) 
1 H j  X ^ ^ T - ' T  
—fTTT" 
+ 1 )  
X 'jc, < X + '• X > 
fl I ^1 ^31 
... ». „- ^(xi'A <T^'#" 
(-|-+l||-|r-l + — t 'x -'"x -^> 
a.+a* TOi+iiw 
n, tt, a, a.
|1 4  ^ d) 
^"2" X ^  ^aCi^ X *X 
|1 + 4>» 
B- »« 
,1)1  ^.2H~/ 
m,+a., ».+&« 
f l)( J^± +2|'(--i|~=43} 
. ** I fi I 111 «t «»* 
|-j- 4- ^X '*" '^ X ^  
a, a. 
tii m, 11. a, a« a-, a, a. 
+2|.-J-+1? •tl* -^+2) 
+ — Jl. —  ^  ^ -I—  ^ — 
(1 + m {1 + 4}* 
^3*:' ^1 
C-g- +2||j-  ^ 1^  ^|-|- , -|r~ +3 I 
' (1 + 
"f" * • » » 
El 








•«iv dm , 
wli«r® + "21") c + bu tt 
wfe0.« h * 
.0 
(26) 
Mow l«t * « I 4- m RvSw* 
tli« (l+a||l-rt 4.-V * (I^ u) 
€s. 
uz* 
After ,iJ«*for.miag tli« m©G«.ssarf sitoflifieaEle®, we obtain 
.a nj+nj 







48 dw , 
wheif® 1 f tt 
.(TTcTSfTfSf" m 
-1 The es i^msion o£ |l-si|ir' • giir@® -as 
r 
P j . k  tt 
J 
0 -"o fl+m) 
fC*l 
r~ 
4tt 4* , (281 
22 
whmw% 
i{z\ • % 
-1 '3 i) 
-r- ^  + I 
%,+n^ 




+, , . . 4 (-1) 
ii|4m2+«3 , 
X ** T~ 
Til® tot®grafci« with tmBp&et to « gim» us, mpon simpltficatloia, 
r 





"ti^ ¥E '^ 
1 
x - O  ^ . 1  






-^—— T fi 
, -*- --4 3 
2\ 3 / {Uuf 
(ttl+iig+i) |l+c+u(Hli^  J 
+ 3 
u 
 ^- 1 I ^ 
4 4- 2V j }  ^ (iW 
• •• • ii|4a« • 
-V^+j 
•'"!'  ^ i"W * "»(* 5' 
'•'•y*' Jl ""Sf^  * op-gp- 3. 
U^\ , 
+ a|4-«s^+a^" 
JL®t •«» mow con-sMej* Ike g«»ir»l «g.«e 
m « I  ^
4 








« . #31i 
ITc+aTI+l») * ' 
O »• —.• . , . r .  a^.S .  , „ „  „ . . . — .  (3Zi 
il+c} 
Now Imt th& sw€e#istv« t»tm§ ®f 4®a©.t«dby P^j, 
. , . ,  P, .  .  From (321, 
T 
* ia|+a2 f ' 
 ^ fJ+c+uCl+fe|~  ^
Hj, n, a» a. 
 ^'xg < T • X' 
»« a. 4*11* TfT* 
|aj+»g| BC-^  {1+cJ ^ 
^2 
after sia&atitwtlmg for k from |14) amdl stmplifying. Tli« 3r«m«iiateg tisrms 
ttj 































































































n- E, m,, a, 
(TTbF"'"' 
a* it« a« 
'x "'""T -^ >'-r -^ > 
"i+^z 
J!(_!j_£ +X)( _ '^+2)(_ij_£ •») 
a, Slhi^  3  ^
[ •$-«r 
a, .11. n- n» a, 
^2 ^a.. ^1. ) 
• (t g •* 
2» l,@.|:ttrt«»©« fe-sromias 
Fy©m <IS) aai ill}* we 'to^w liiat 
F| » k 
/. 
»2+»3 . •'S , 
:•"' Kil'lifiiMi nil * 4, WWW* ««»  ^
, * 2  , ^ 2  tt V 
1 
4% . m 
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m^4-ng4-n^ du (34) 
(l+tt4«tti|'"'"' '""I" 
(^  .11 k 
Fj(m3 . (35) 
I 
To i»t«fra«@ t34)» wMek w« ieitgmte hf 
i -B 1 1 
u « . -Tsna- * ® •* ——"• 
* i+a 
Tfeen, upom slmpl4ft«alteai w® olitattt 
Pjjdjl = Cj 
"l , , 
(l-») ,. 
0 
. - I  
w&«re « 
m,4a^+tt- —* 
( f .:e>l)(l4-d.|  ^
-1  
(36) 
and I |.Ta(i (37) 
m 
It lollow® 
stcj  -.11 -1) .  m) 
Fteaily., .»mb8titirttog for h imm |l4j ohmI fo.t itmsa |36|, md p^s^iovm* 
lug tke mm$u^wf »impllftcati®», w« ©btato tfee mcmmnm fotmula 
for Pj(nj), 
 ^-1 », »9j.+tt-
w  > » ( - r . V - ' >  
« _JL_ - ij. 




W&f fel» specifti &mm »| »I# it feJlo'Wis iw&m (33)' fea-l 
<» 
FjiZ) * k 
I 
.X 







itt » im 
wlie*® & 
"4 H j f * (41) 
It ia «aslly visriil## tli»t t-tO) is mmmlf m special case ©f (34) witli 







W« aw iMtn to Wg, Wmm il3| aad C1S)» w« feaw thmt 
F |, *k 
J. 




•4v 4il . (43) 
If w@ laafe# the tm»sf©irmatii«ft 
I 1 
u • ~ , V + cw, ll*«! JFt-coMaa I » —— » litem, wpQ». pesrform-
 ^ w* 






if 4w (44) 
'Wt aow lofctgfafet toy part  •  wit l i  r«®p«et to w. l»«t 




It f©ll©w8 Cbal 
S0 
4m 
1^1 14.^  
^ • !  " 2  - * - " * 2  " " 1  _  
-l| ew'® |:y4cw)* e-r  ^ (y+cw|* J dw. 
V » fl 4y-l-(l-fc)w7 
a,4-itt.«+ii« 
nj+n2+«  ^
' n r^.r ,.,....M:. 4 
« « «| 
»! 
r  ^-I .1 
00 









df dw |46| 
7 
I  ^ l^ i+y+Cl+eiwJ 
•I 
+ c. 
^<10  ^ /.©Of ' I  ^ 3 /  ^ a -y^ . 
J J 
ttj+n^+n  ^ dy dw, (471 
[i+f+pHhC|wJ 
- I  
wh@.re 
11 
Let u. th. ihr« tarn., of given by (45). (46) «.4 (47) 
as Pgl, aat Mifsetlwly. It f©E©w# Wh*k 













i 4- r + f 4" 
» 
K xoli0Wf laM 
y-^A- "rr i -  < '  + £>'  
1 + 1 
iy • J2., is . 
It Is «ii.silf w^ifiei mow that 
»2 
31 
wh.r. Cg . 






I 4 - - f e  | 1  4  - L  I  
n- n.+a. r "•sj "7 
f htd'ftf©!'®* L  ^ "' ^"2"" * "g>"""""' I 
Wtl®lP'6 6.^  '• ®|"y-* —""IJ, €g f |S3) 
m 
E%ttatte» iSi) mmy il»0' writtea ms 
m,+a« a.-
PjllBj.nj) . e, (^-4-i - 1, T )^ , (54) 
l - f  i  
a 
wh®*"# »j » 1 - x*j * —^—• .• |S5) 
i  + i+b(i  + -ig-} 
uj 
' Stttosfcltttttef f©* e^». €g» €|# e|^  mdkfmm (B3f, (il)* |5§}, {4§| md 
(14), r«specliv«lf» md §$mplMyingf wm ohtmlm 
m. 
, .-y~ -I a,+a» 
c i r  
* — •- WT?!--" • tat, n. . 
p+c||—I —  ^ »1| B{-y» ft) ""IT" 
m 
M0W I«t us tlb# mmpomemt 









Ci-©3®|«iet##m of |iT| tti C4S| ®1b@w# m« tii»l 
«, 
i-^  -II €'1  ^




w (y»€w| ' 




« -li •" * 




Co«altlai»g thm ©i.tata«d la fiij, (BB) mS. we find th&t. 
a. 
I wl ®« j. *-« m It t ^ t \ %mt  ^ '''it I Wf'  ^I m 
[H J #.  ^ i:U ii.iMil. WT...:M.''M.W.IWIn»'^ Wni«».'l.'rnl<..' ...I.nn Ml.|.i.|..» fn .'mil 
a, tt- I -.y >1 
* 'lie "^TW " ^3  ^ ' 
Farmwla (ili) tw© s«|.e of teteisi valtt««# m mt £&r a.^  »1 
a ««! I#? # 2 . It is rea.dili' men ffom |Sf) 
tlat Tmmm tfcat 
m M fc 
'x . 'X" X'  
Pe(2. "a) * — ST— + "3-2' • 
W 
« ifiW"'-
(Hcif i+ | r  
from «{«|iiificati#a ©f C54| ^4 
F©f tit# cas« 2# 
^00 (^00 
Pjdi j .Zj .k j  1  dydw. 
I'll. 4" 1 
ss 
a, 
I 7 ) 






^+t»+ |i+6j wJ 
« * 
l * h  
1 + |» + (i+c) w 
« 3k IS « * 1 "I'lii k 
w *1 11^) » 
d w . ( -  .  
gtirts as 
P||*ijtl|» «jj ' its, 163) 
wh«y« •'^ ii * : 1 (i4| 
•»! • '«! 
»% 4»t9 -..- -T ,-
( -i^ r^  )<l+l>)^  (1+eJ  ^
34 
m\ 
Emteatt©® ©f (I4| aai safestttiifeiea fo* \ $ivm m 
M 1  ^"l 
L. {-T"» *1"  ^
p^,„ , ,Z,.  _ i__. («, 
(l+l>)X(l+o)T-
J0» Appmrnim^W F©w»«las fot iarge 
We mow ierlw simpler approxtsmat# formulas. W« flrsl consider 
Pj.  W,Utog F,»r„^.„^(ai) .  F3 
w# ha-ve 
#2 » Pit, ^ |^/?| Fj aad T /^T 2 F3 j .. 
As a J—^m b©l& T—•aad, ia th« I tei l l : ,  t l i@ two rat ios 
V^/Vj and f | / f '  M.m l i id«p«i»d«att f  dtst* l&tt l«d. I t  la Hieirefofe »ttgge®t©d 
fer l%xg» »j w« m®a tli« apf »i«tmati©a 
Pz 7 P''- 4 ri I Pr. jv /^v Z Fj j 




1 - x(Oj) 
«:ift * till + li t2|3E(a 
<6i) 
Md x,j •(nj4»j,)/(H,+n2+ 
|f@*t w« ltt«i to 
P| • Fr. 1 Fj aai Vj/Tg Z r^ j., 
Mmtm wm-- eeiilil a»« at #tollai* arg-waiesl If w» w«3r« to let —>•«. TM@ 
limit w#wW» Imw^vmr-t nmt ytoW ttsefiil if#smlt®. IPltt® tiafseflami sltwa-
ttoa tm ^ ©©Itttg piroeeiittrt# i» mm- la wMeli Is «a©#@y»t« or small, ior 
ottes-wls®' i i©£l i iaf  t» -gmimmd toy f#®l lsg Vg with aaot lwi-r  isat&i i  8%«a,:r« Vj .  
ifittisawl we ttse &« well laowa aormai apfn^oxtmalioa t© log ir|» 
M,. S. Sai.fll#tt mnd ©. ©. K#a#ill hmrm skmm that log V, Is 
affjcoKinaalely NClog ©"I •» ) pTwM®  ^'liiat ii| is a©t too small. 
W« 4®ct&i t© Itaait 'Hi® mse of ttilt apptumljaaattea tm •eais»s ta wMc&, ull 
thre. .re 2 U. Wrtttag 
tt m log Tg • leg V| Uttd m * leg - log ¥|, 
It f0ll©w» tkat tk® Jotefc distribmtioa. M n a,ad a Is i.j^ :r©M*at#lf Mm*late 
«©*»»! wltib eoTTml^timk coefficient 
1 
a«-l  ©--I  r »a~* n^'i
f  •  - ' /  P  +  s f r r > ( * +  >  
It 
W@ m&f @mpl©y t:l» tmbles ©I 4©mlil® prc^si^ llity tettgrai. 
ol a i»lm3eia.lt sotiml mMimm M E. Pmmm |lf 34|# fable# VM i-a4 JK. 
II as aa«l f f©ll©w & Mmrlate »©tmal -Atalirtfemtiim wttli toetti mmm 
m 0, €ovw l^@,tim €oefflcieal aai 1b©tli •ta.ate'i #sirts.tton» «faal to 
«aity, &«« tli«.#« tufel.#® glv« Ih® pir@&aMlltt«i« 
W p th, k| I©* n zh «a«i j z, h, 
la ottjf ca»« p is gl-rta l»y {4»f | imi J* .aad k by 
^"nj.n (»l' - 82, 
fe ., r  ^ , k * _i--i— , C70) 
r: r  : '""'z 
J ttpT J "2^ ^3"'^ ""° 
wTmm X „ fa) is tkt mm9 '^ lOia f»' p&Mt ©f Fi#fae'r»* * 4isfcr.itomti« witb 
aj,aj  ^
•awaaei'.afcor- ©f aj m4 i«tt©3»laa-teie 4@gie«es of freedom 
a|. K till# mppMmim&tion l« m^A i&r ttt.# dt'Steibtiltea •©£ l©g 
•tbts saat# app,3r©iKt»iatiina may ©f «•©«»«• «mpl©y*«sA to sto^pllfy Ik aad 
k m follewtf ^^plAC'e 
2%. « W 
.. . >• i . . 
^Epr '»! -1 
by tb* » % of tbii moxmml dl«trlbufete«. 
39 
E. ef Eftduell^ a. ©f Misem4 to laadoia Moi«l 
Ger'tatia miM0d of analyst® «f msrlawc©' w«f® (i»icra«4 la 
S«ctl©a I. ttl# w« i®ir#l®p tlie A®'®3ey ter 'ttieie 
»lfcmtt0ns,: ,lf0 »«w .f©ymnlai »• it.s ir« tkall sliow tiat 
j©iiit dtst*ttattll#a ol ft® llir®« mmm t^mrm t»-i at af]pyo3eiiaat«ly» 
ei^mi to Hat cif tli« 0f mrlamee fhm emtt 
cmttem# ©f t&s tit« mlK#i aao4«l btiag eeasWeraA t-r® m.s 
foll@w«, (|»3rlia@4 will h* mm& to sf^ ^eily tli« 
let tli« mteed | 
(itj Th« etiroi' mea.» mmA lk« doubtfiil ©rapdr m«aii s^waare Vj 
at® m X | /n! (i « wliftir# ;ii 11« tit® c«att.iid X  ^
•stattstic wltk fi| 4@igt®«t mi Om tk# •othesf liaiii» Om treatanaeni 
tM V'B 
Hawaii sfwaw l« at wlie,r« X is the »©»-
cemlf*! X * st&tistte mWk «t| •imgmm mi mmS. »«»-ceiit*iatfcy 
pmmwmtm 
mi rl * Hi e-l al } »  ^  ^ . ij . (Ill 
2r| 
wli«» •®'|/ «'! •• te<i«|ieai!®Dtt* 
(fe) Tfc« .isitlis #f amlysii Is to letl &« 
H i^r'l »r| .agmiast thi« altemativ# r| 7 ®-| . 
(e) Til® trw msmr m«*tt sfmr#., Vg, l*as mm e^«ctati©a «r| wMcli 





































































W# now return to the pow#? for the miseed model m defined by ^72J 
and (73|» and compasr# fcMs with the cox'responding foi-mttlas (IQ) and {11  ^
for modifted valaei ®f th« $ pai*ain«t#rs-as Indicated In Table S. 
Tafel# 5. Modified pairam«t#ys for random model co j^fresponding 
I© specified param«ters for willed aaod«l 
Specifl«d param#!:®*® Modified para»et«r9 for random model 
for mi3e«d model 
n'j mj « u\ 
4 A a 
ml a» » » n\ + — — 
 ^  ^  ^ ® m| + 4  ^
"2 *2 " ° 
'3 »3 =  ^V 3. •.•i+n;.«'3' 
= '21'" 'JI  
2 A. + ni Q m •*. 
^32 3 
Entering the random model tables wltb these altered parameters: we 
obtoin the mixed model powers. It will be seen that when we deal with 
the «i*e for the mixed model we have ?V. * 0 and hence v' 3 * aj* so that 
all primed parameters agree wi& those withomt prime®, Thm our entire 
u 
«l«« discu»st« .^ I© loltew li iiwetly 4fflicaM« I# mte«d model. Cte 
th» other" 1ian4» pmwer emlmtoia#,. w&tek .r@f«r m « . &S» will, 
ia g,mmm% provide u.mw*m £m ls.rg«r vftliits ei #iiA «!». amd 
l#v#l® «i| itiai 0.| will mry with A . For a .frojier eiralaafeton ©f power 
corr«#p#a4lag lo $. glvt» pair ©f n^igmWlemm Uwel& a| and sa^y 
a| «ii| * §S, a m©r« «fc#aslTe taMatioa of P0| tad fU|j wowld %« 
refatr«d. 
f|ws r«cttrr«ac« lonBatiii.# imxivm4 'iM Part .© were wstd to coastrnei 
maafcer ^M®s ©I F| ami Fg* Tl»»@ «iii.#tisr w#r« eonitrtteted 
for 
fjBoali «irf"or d«gre«s of eoald fe# bttlt* »tadied. Howeimr, 
thm. latter fcalil#® w#r« •eoiifla«d to ^ ir»l«#a 
ia ord@r to mvm om compttlatloi^ vitla®.# wmm ob-
:ta.ta«d by starting, wttfc &<$• mk of iailtal i?iilm«s from (42) aad the;ii lislag tbe 
r®c»rr«ae® rel&tioa for grid® of «lti^ly miuee of and d. 
Stottilarly, fcablts of Fg valiM® wem dbtalmisd by first c©»iput'i.Bg th® two 
«#tii of initial mlues from fl2) 'msA #6)* aad t&#a msiiig (61|, for selected 
val««s of a* lEj amd x„. l|fe# -w$XmM of tb« argswnisats used in &« master 
F. A^ltet-tlom of 13®rt'«'®d. Formulas 
a, 
^•311)1© mud -^al{ l j4 
Also, 'table® wmm mmtmetrnM for j ta ordeip 'ttiafc tbe effect of 
^ »1 and n J » 8 j 14 swd I0» 
« 
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8 m 
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arbttyatf-Tft l t tes of '©gj# i t  was aftceiaarf  t® co.rrect t l i# mlaei eo» 
plated fey mj » 6S bf mn TWs M^Sustmmt was obfcaia@d by • 
-tb# 4iffei'©*iee b«tw«®a tin® a.fiii'oseimate val«« «ad tbe corires-
ponitag «jta.ct ml«t® ©f •'*1 'S»'20, m4 tsteirpolatlag hasroonicaUy 
between thi® awi .tbat £&r 11 ^  * -GO |wb«re tiie differeaee is 
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<t) t:k« variatloa to t!b® st»« of ©w* t:«st procedwr# a# a tnneti&n of thm 
p&xwmmt&t' ©21» 
{ii} a comparison of l:h« fow«r of out |j««t procedure with Omt of tlie 
ttcre* pool fc«it of the same st*«. 
Both of th«)S« considerations w«r« stwdt«d by Fawll for Ms ispecial 
cases, tt will b« ie«n, how®v®.r, that wh#n walwatfeaf, as wm do, th® 
sise and p®w«t for wld«r and m&rm r«pr«»«ntatt're »et» of degree® of 
freedom., mmth. larger si«e dtttwrbance* |than those reported by Fatill^ 
occttr for many of the let* considered', and eom8e<|u«ntly we must 
modify his re^omtnendations in certain respeots la order to achieve 
siiee control, for an acceptable power. 
B. Si«« Curves 
The «-l*e of onr test procedure does not efttal the nominal lewl of 
0S, but varies abomt this level as «j and vary. Figures 1 to 15* 
give a® exampl#® of siae curves, Ulmstratiaf the variations in type one 
error with var.lation in 0^j for fixed valnes of the remaining parameters. 
Note that as ©gj become® large the si»e approaches . 05} for, as 
®2l —prelimismry test will almost certainly be significant, pool­
ing will almost certainly not occur, and hence the final test will almost 
certatoly be that.of 'Vj/V'i, having a siase of .OS. 
At the .lower extreme, that is, at * I., the sia® is less than .05. 
The reason for this is more complex. The probabilities of pooling or not 
pooling, in accordance with the resiilt of the preliminary test, are now 
All flg-ttres have been assembled in the Appendix. 
47 
I - loA ifefp#cttv«iy. Sut « fl»al t«sl lk« protoafeHltsr #lt-
Sattetog a slgttifleaat wtoa aot ^©©llmg ts mttek smalier 
te««ii.«s« ta A«## «ttw.tt©»i V| i® mmpmwnAlmlf togt.. ©a &Amx luaai 
Ik# probability mi h^img itgalfieaat whrnm jpeolteg is «till a.b©ml 
CI •  a|H*®5)v 'sAtea « l ,  -Ih# total  s i*# l i  
f l  ».«§,.  
Of ftakftieMftir 'Air# &* •^ .^a.iirl.fpufyi $.|s# sin# 
peatitl mi. th^e jsjalalmiMia irslm# &{ ill# tlie liitl«r ©fcijiws 
W« iimt «#a*4i«t tik« #i«!» pm@M* .Etferrtog t# •&« si»® enrv®® for 
& preHmimyy l«st eartle-i #w* 1,1 S -ffrnw cent mm »®t« timt tl*« 
pt&k Is- iis*»ily mtf Mffe., Cltarly, « fwslimiiiAty tost «ai»rt«4 ©at al 
lM,a l«v#l''wlll to. many €mm it&Btt aa «aa.€e#pbi.lil* #4«« 
TMs- li itt« t© th# l»«t tlati a-t IM# l<i¥#l &® pmiimlmtf t«st will far^fmoat-
If admit fM&dlHttg Wg aai f j wh»m #1 is ttmrnMrnw 'thim the tym® «F*'or mesm 
»taar« r|, aai flh«i«®l(y tmcf«a«« p.if®1bafelltly M ifpm mm mmr, W« 
•th«r®l0'f® #e«is a tmi ta w&teh. pn^ltog In. l«tt 
ir«a4ttyj w« a®att toiresttgate tibwi l«f®l «j « . IS. At ftl# l®¥®i |»®® ytgwr®® 
S-13| siss® g«tr©l 1# eeasi^tiraMy aai- la tmrnf mmw tk^'prnkB i@ 
acjt go beyoai , OS- la fact# iow » I, tli« pmmU is m#mtty li«l®w . §7. St 
slKittW ti« a©t«d Hiat,, tm geatml# tk® •i*® p®^ immmm a.» m ia-
c*®a®«s Of M ftji tMefmrns** 
It is ol c®tt*s® (ftttt® «tr%lt:pairy t© in»«clfy «»y vnlms to* maintalalnf a» 
a««:«ptal»I® mpper im ^  tl*® peak# 8i»«® wlwtt is ^ .omsMftye-i 
aceeptaM® I# a. f^ f ©ptttlon. In mstiif a si#® ©I. OS, If 
w# sttpttlat® t^feat #mr ®4»« peak iw»t g# mmeli l»«y#«<i 10 p«r e®iil,. 
-f — 
the fiattt*® of Ik® i«p®a«leiic« of I&® pmak ®» »,,a, mnA n, w*« ©bfcato-
®« ftQiH ob»«rmtl©j| ®f tli® cmnr®«, from mmy analytic 
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#4a® -Iteii f0tt»i im »ji.|, » . 0S wmwrn 
«ir«ii tm emmm wWek #mr »ml« wo«il4 mmpt imm Ftg*ir# 1#* 
C» F3P«^ «mef al l>©©I|Bg 
W« liia'T# lk«#s iistmsslisg «ll«ck mi .»| fca to 
aeM«¥« #i»#' mmtmh It ii ©feriums Huitti®* #..| • 1, mx pwHmtaafy 
W p«r ««at p#iii« %9 aM peoling wcwW m^wmt @emt. Th« 
••fwsti©!* atis#® m U r^latl'T# #f p»&i4af f©if &« lat«ir-
ml«®i ®i tt.| that w« laiv# t.®ii»ii#i?taf, Wkmn i|| » I, lh« 
f»y©l»atiililf 'fta-t pooling oeettir® 
wlWN. mlmtim im^ifimmf 1 Ab ig| i»isr«a#«® 'iMs 
r&ftilf ikfipr©«eMag limil zem as iafteit#.. 
E-waimttwa® of tlw®*# of wMelt mtm swaomariiBed im 
T»lil«s. li »iiii I I ,  »li®w Mbat, w%tt« im «| » . li &»i swmll vtlmes @f 
0|j |)i@oli»g' wtH o€cw la llat «»J©3Pily ©f wkm « , SO 
tfct ts %*mMf w«il liil©w . i®.,. f&l® iw»%mmsf d fooltsif 
Is #f mmm rnvmn i&t Ihf feorderlin® liist. S| ttswally 
mm miitfts to. Hi# aiftgWfe^irlieM of . ? *© •. S| wlbmm »mmh iarge-
iralti«« ©f «| mm o«emr« IB eidf «TL>«3ni| twmtf f4ir« 
mnt &i aW 8ttwli®m« f©t wM6k t|| « li. •ami IM» |»o®ltog 
tftg« rt^plilly »» i^i laer«a®t».. WhBm l&ls pv&p«rtf l»f 
Itself eftMsidt hm m- a 4l@a€iramtagit #f llui Isst* it 
if clear that, tf litis t«st w«ir« Ite ©aly r««@mia«aii«4 @a« to lk« 
«3ept-rlm«afe«i*» M w#«d,€ mmw f©«I. 
$i 
JP, Cm-rmB 
W« mm % €#«|parl«#a <»l ili# fw#!- of p@@l 
p3r#«s«iiir(i' wttti &mM &i tfat pml t«-iil. M» 4* w«ll Immwm, may 
«i@»piktt#«a #1 fMBwr#* ®f »ay tw# l«»t pr«»#«iw«» 4« a fall'' mmpBiitiB&m 
t£ 'tw® t«#l f?•«««! itt3P«» hair# •!!» «*»« sis# fim 'liav# »«#ii tlMt-l 
'III® sis®' g£ 'mv mmm%^m0§ pml is •&% tike Imml 
©I .is, Ibiit A4»'» mp©» ttt# 0u» 
pow<ft 'w# Imir# ^«r«'f©t« t.#©pt«8sd is ms £&Um»m 
til A'SstUB® ft flaeed -&£ |1N# M.f&Bast#*' §•«* 
(It)' W'&r 'attif ml» «f i'gi tto' «i«<i @1 tli« m&mmUmm 
tmU 
•fiiij F'©* IM'i ©f fiwi «¥alml# -ttwe pewtir eafv# ®l llW' mvmw' 
tesU p0wm tiit-ir®. If ttu»m dt»«'Cilf wlUt ttel'©! tlie 
l«*t 'CeriP^sp^Mtoig lo tie vai«« ®f 
f '&m iJtlmitwtll©® 'this '§#« Wigaw«t 14. .E«« w® feav® 
a J «It, » It# m| »ll» '«'j *a.| •, fS', asd a. {Ix»4. mlm«' @f 
» I, lt4 {«r| « I, i?4 r| > r#f tills ¥rttt« ©f i^i t&e •t«e of 'tit® «oi»9-
tl»#» i>#©l t«st (®»# 'FtgiMP® 4| 4» Stl'i for t&l» st*« mm hmrm 
llw pmwm t&« wirtf f«il tt»t, witteh l» agiitmsl: 
mslag l(0g se^n® to liatfe to ftgwr® l4. la Ifc® •»»# flgmift i# 
»h^wu list pimmt ewtwm tm mr seus^ltei#* f&ol witicli, ta thm 
p#«i«iil If mlwiif# ©f lit# mmw pml test. 'TM® m®aas 
that ia ik® ' &«' f @f llee mm»timm§ pml 'pTmmdmxit 
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time. It 1b» II wqvM a. 
«*»M« mM®wt to €®»f»tatii»a]f to iimlwat^ imw mnf glv®» tw%pl«t mj» Wjj 
and tt| &»t iri-tii# ^ «! which to a 0-t«« ftaJi- ©f #. I® tatnutty. 
Stae® tht# l«wl ©f w©*il# ©n. &m 4m$wmB mi iwm4.&m 
a»i a^, it wcwiM t#' a.s#@«lat«4 f«f eeal 
pidlMS §fi W* W&^ SB A t# thts ^ 
IwMelk w<»«4i .* l*fi« I pirit3B»#tirie teM# with a|, 
ma4 m| m 'ha^r# t# h% f uMlahei* f® <&mmmah9i3t lh« 
wish, s|i««ial taMti let 'Hn® ta. 
awMHI« t© •tiaiiitr'i W fetM*® im lit# fteiii F»l®its mi>p«Na.i'«4 6© m 
to b® wmmm*mf:,. ami lh« m## ®l tlu® t©» -aad 
Th©»i»##» |lf4l| M.% aai S®% fsittts ©f I* pr«f«if»Me. 
W# .«h«nili »@t« hmm l^t % tv^m istv&md fey |lf44# Glii.pt«r 
.ii#r<@««tiag Itslla® %® jrstl® V|j/1f| Jignliiiit ggla-gt-tti.! wttl liot em-
«w« f©irty®! mi the »i»* fmA #i«« ta gmmradt 
AiMi W6 Jnffl' MH'H tite-l F ym !• eeiBStiiattes l@o litx'g# htmcs %<(>% 
a,isc«pteM« wa ilgiaiflesyttc# lm»l imm th« pif«Hmtea*y t«®t. 
Jkia©, it w#ttl4 mppmt t© m» tSm* wm jrnlii ©f i&tm ^ «©iis'laat 
I©* with s««h a rul®. Ihit fr#fvt»ey with which 
»B<sllafir oeeuM &m wsU M.a sliift' wfw eeB8liS®'S?'tibl'y with '<les3r#(i8 
#f »j •i.tti a|.» 
C^meitiraliBg ftte-einaa^mitottea 2, -ftt# «3^0*ia»eat#i' WQIHAI raftttsfe 
toM»wl«%© ®l Iht |r»«st#« Is-wl ©f #1 f0r ll» li©i»<l*rlliit t##!, ©*, h«tfc«* 
still, th« mime of F a.#s««ia.teil wtai it. FitiiU Pf44, p» 2®| gives & 
56 
sitapl® f©rra«la frosxi wfetek the is 
F pol»t foir %#ydfetii»« t«st 
wiser# Fjj^ ^ 3r«fi"«s®»t» ttie 100 |Mir c«iRt point of F wilh nwroerator 
d. I. and dMomtel#.? 4.1, ilnallftf statementa cmm %• zmd« 
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T»M® 6. Breaking strength #f J^orti»ad 
Analysis of varianc# 









Mutwmmn hw»a3mm t U,M^^ 
Metwmn gmngmst «! «I m 4,4i2 i 
Sr«afc«f 8 s ,gai^«3rs «j.4 
'1 
WiHiia gy©ttpii ®f 
4 etttei »! »l? 
'i 
thi« plaair «,M If wiitib A# pmiQmmm% 
of tli®s# fa.irtlemtii.r tlup«® SB®a#^ « m&^ wimld #ff3pi^ria.t<i, 
emm Is e#wre€ by om mmmmmwMbm m§Am la S«€tto« ff, 
wMcIt w©ttli tot itffltei m follow®! It Is & ptimi wA^k&lf ©gi 
it larf« i&M r| I® mmh U.wgmw tha® rl'l, a# •t&ii 'wmld m»m &«*•« 
is ft teg« m gaitf t# to 
to eial>» T M b  t» m w f  «®llie#ly fee^aws® tfe« hmMk»w*9 ime* 
tl^n ws^M '.iBSvsly &p%wu^ lit# issting M.fi4 &M 
answer SI f«irt&®r» as ©it^»8 Clf4?* p. -tl# |»r#aittie» di4 
n©t fca@w wh©8« «!»#•« t^y w«r# W# m&f tlk®*#!©!*# 
|ln willi. mm to «tiii«r th« 
If |(eir mmt ©t thm i® psw mmi, W p®liil fyt mm ptmlimiimrf t«stf aai, 
as ©2 ?• w« »«« &m IS pmie «#®t 'th® ^hsmm£ F*rat4® 
f «..M4 t« «l«(».ifly not tigmlfteml. lift fact it we«tld hmm hmm 
5f 
aot sigaiflciiiit at tb« M pm mnt |>©tafc of F as W« tkerefoar® pool 
f - g  ami ¥j* coaaf>ttt« 
a.?, 
M g m i ,  
mj + 
aad test f j/V « 1.72 at thm S jper mmM p&imt of F fojr 2, 31 d«gr«es of 
t&g wMefe &e 5 p« e«iit: polat ia 3.31» so that our observed 
F rMi© Is mot sigmlltcaiit. M thm cm»e #f a eomplettif random model 
the same promAum may fee m»«d for te#ting differences b«twe@a break­
ers, V®l«g thm br«aJk«r »@aa sfnar® m and kestiag Tj/¥ » 4,, SI, w® 
obtain a result wMeh if sigsifica»t, ,©lff«rette®» bttw®«n tb® testiag 
p#r#oiinel at# tb*r«lor« iadlcat«d» TOggestiag •tbai a b«tter staadardiasa-
tioa of tb« ttit fr»e«dmr« woald b« d«siraM«* Indeed, I5avi#« .itates 
that lor tb«f@ t«st» aa old mae.M«« was ia »«©» wbicli wottld eseplain tb# 
variatlom ol reittlts witb tb® ©jperatiag it. 
Wormitf ©f Coiide»s©r Fap«r 
H. A. Wtmem&u (1941* p.* 70| disettsu## data ©m tbe i>orosity of coa-
deaaer p&pm. Tbree rtaiiiigs wer« mad«s oa eacb of 9 rolls- from @acb 
of 3 lots. We aow liav« aa. ef a bierarcbical classificati-oa. 
Thm aaalfsit of mrla»ce table i« gtv®-a b®low. M«re it mtgbt b« appro­
priate to r«gard &a.m tbre# l@t «a«a»s as fixtd param«!t«ri,' bmt tb« roll 
effects aad measttr®j»e»-t eitmcta a« respectiv# raadom »ample-s from 
larger p^pmlatiom.®- ©f roll effect mriat©® aad mmsurmmmt eff«ct 
mrtates. If tb«8e assamptto-as ar@ accepted, we ba^© a mixed 
m 
TaMti 7. F@r®#.tty jp^adlteigs. Aaalysla ©f -^-airSaiic® 
B&atm mrlaliea 4, f. S!0MBSk$3t 
Bmtwmn lots iij * 2 ir^ « 3. fi 
rolls '"wittila 
4 lols aM 
S«tw««a uatastjr®-
ws«ni« wifcltl® r©Us n j . 5 4  Tj » 0. fS 
Meirayclitcal iia©i«l, t® wMch mw ir«com»taia.tl#tt» mpplf. WUhmt 
makiag aaf e«ae«.rniai i»a.g«itei® of 'pesstfele *oll 
'^1 is,' of mw a ft«#ita0aj>tioa« e©aeeim.hag 
•ftie ©f !&& p.i?«l4init»a*y .t«.®t mt &«. tW p#* c»al l«vel 
is ilfttiftcaal.. .& fetel, il: ts sigaifiisital ml tli« 1 pmv eeat l®v«L Theaee-
for# we »# iiol ill©w#i. t® peoi ik# witWa t&H For tii« 
iiml t«#l* llb&a» eftiaiwjl# » 1.011 wkicli l» mot sigmiflcaafc m 
tli« S mM l«v«l. I'&ii data i»(4l«at« 'tibat mriattea l» porosity ii 
dm# largitlf' I© 4iller«i£;«$ Ammm$ r@ll» wl&ln as aalhor 
smgfesis, atlempis #fao^db« 3wai« fe© «lliateat« diMmwemm, 
41 
ft. UTMmtWm CItEB 
Baacrofl* t. A. Om bla««» to ftftfao&fclon 4«« t® tli« ws« of fir«li»laa*f 
fe®st« ®f BigmMlcmmm* Amm., Matli. Stat. l5slf®-iSfi4. If44, 
Bias dm® to feh« ©mission of Independeat maplafeltt ia ordinary 
aattlttpl# reg3P«8»l®» analysis (abstract!. A«a, Math, Slat. 
Z l t l U ,  l f l 0 .  
Bartlett, M. S. and,©, iC«adall. atatlslieai amlysls of 
m.rlaa«:«s--tet«r0g«ii«ity and the logarttlMie irawsformatton. 
3mm.w, Eoyal ital. S©e.. Smppl. Si 1 IS-1 IS.. If44, 
Beefefeefer, E. .E, Tk© effect of prelirninary t©®t» of iigaificanic® • oa the 
sl*« a«d pow#r of certain tests of anivariai® llitear hyp0^®»«g, 
II«,|»ttbiish.ed Fk. D, the®!#. M©w Tork» M. ¥. # CelimMa Ualir. 
JLiferary. 
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Pa«li, A. Oa at preHmiMtry test pooltag mmm. Sfrnten la tk« 
aaalysis of variance. Unpublished Fla. &. 
N. C« # Univ. of N. Carolina Libraty. If 4S. 
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Tm* a. lable fo* F|, f&r * .|i, ®2 * a 12 
X 0 ,.l .2 .3 .5 
. 0104 .0149 
.31 .Oil? . 0184 , i|6S- .03S3 . O4S0 
.44 .0361 . t7|l .0909 .1166 
,S® .mm ^. 1114 . IS72 aS93 .2290 
.S4 . mi . i$$0 .as«6 . 3320 . 3790 
.U , 3334 .3fS6 . 4iSl .S6S2 . 5452 
,6S .sm .. S$SS .6413 .6S09 .69S5 
.74 .?iii .7643 .a§4s .8280 .S148 
. St . Bim afw .9197 .92S6 .8846 
,S4 . f641 .9m .9704 .9724 .91S0 
.7 i.c i. 3 '2. • 3» 3 
. 0«#S .0004 . 0004 .0002 .0000 
,32 • ,0166 .01S4 .om .0066 .0017 
.38 .05 If .0470 .037S .0196 .0110 
.44 . 1226 . 10S5 .0S60 .0441 .0197 
.50 ,2333 . 2«14 . 1175 .0794 .0293 
.5$ .373S .3143 . 1422. . 1200 . 0380 
.62 .S207 . 4264 .3237 . 1577 ,0443 
.68 . 6479 .S177 .JS77 . 1859 .0478 
. 74 . 7379 . 577S .4279 . 2026 .0493 
.80 ,78i0 ,6§S8 .4476 .2102 .0498 
.803Z 
*Tli«8« aMlki0»»l valines €©mpat«<i to facilitate 
tnterpolattoa wli«r# wmmBmrf* 
8.9 
WsMm 9f .Mast®* tuM® ior Fg |i*2 * 
as |!0, K10, m^»Z m4 a as 1 
^2 n 
.50 .18 l.f6is .SI 2.6010 .63 3.7538 
.60 .40 B.2217 .§2 3.7319 .64 4.SS95 
.70 .40 4.1269 . fo 4.6S5S .60 S.2420 
.80 .4$ S. 20.36 ,i0 S.S054 .57 S. 9042 
.90 .46 4.0903 .50 6.2728 .§4 6.4S64 
3S .47S 6. S.0.72 .SO 6.62i0 .52 6. 7275 
.9f .4fS 6.fi3S .§0S 6.9iSS 
. 9999 .4f9fS 6.9S»I .50004 6.9SS7 
to 
fafelft «t| as. 2S and ». 50 
a.2 »1 I i.s I 3 
2 0© „tso .S®0 .426 
4 oo> ,• 750 ,516 ..3f0 .m 
6 m .im .sia ,360 . 184 
m . ISO .4SS .312 . 144 
10 m . im .475 • .IS6 , lOS 
10 m .750 . 407 .zm .061 
14 m .,75a .411 .ZM .058 
U m .im ... .ail ,11? .018 
a.j *. 50 
1© m *so ,zm .,08® .0.21 
91 
TaM® ll» of fooltag f®r tins fo©3r#erliae lest 
il| lij I 1.5 2 2.5 
i 1 at . 152 .105 . Oi-O ^ .064 
a 4 a§ .225 .114 .o?i . 0S4 
2 4 i .. 271 .142 .Oil . 0Sf 
t & at .I6S .127 . 04f . 041 
2 la 14 ,320 .112 •.§m .030 
2 iO 2i .sn .124 . 054 .026 
12 , 10 14 .23i .0&S . W7 .01$ 
12 ' I© 20 .,2|.S . ito .012 .015 
n 
TaW# li. Minimttm. si«(g vmlmw £&r Om hov4e»Um test 
«| MIttlmimi sim 
i 2 m ..010 
a I 60 .§©f 
2 4 10 . oii 
2 4 • 14 .•§24 
2 $ m .023 
a m 14 .§30 
i§ ao .930 
& $ m- .017 
6 1© ZQ .023 
4 u m .§2f 
12 u m .030 
f3 
fable 13.- TIi© pow#!- ©f tli# someltmes po-ol pyocedtote 
and »#¥## peel t#st &£ tfe@ gaaa« si«, 
for 'asSi Ug «$, # t. It J »tt2 »,. 05 
®2i tmi 1 I 4 16 64 
»044 , 175 .SfS . nz .938 
n, p» .044 . 143 .324 .723 .919 
l.ItS s.p. • #. 046 .217 .43f .799 .943 
a. p. .OU . Ifl .391 .768 .934 
I.g34 ®.p. .Odf .249 ..443 .8§3- .945 
n p .OSf . .2,35 ,444 .799 .944 
4. Of 3 «.p. .lOf .M8 ..42? . 773 .934 
a.f. aof . I.T0 . 484 .S20 .950 
ii.iSS s.p. .07« . 115 ,35.$ . 741 .925 
• tt,p. .0?® .100 .40.1 , 775 .936 
m.p. .§50 . lU. .543 .737 .9M 
InTaW«s 13-3i, vatees #f ^ ^ 'teve fe««a la.s«irf:«d for iafcer-
polatiom purposes. Thmm mlasf-d© a©t ©I €omar®@ ari»e te the aaalysis 
of variance inodeis eea»lder«d. Foi* t&« mm« s. p. repf«s«a£s tke 
pool p3r@eedttf'« «a4 li.p. a®T©if p@ol te«t. 
n 
Tltbl® |4. The power of &e sometimes pool proc##wr« 
and the never j^ooi test of the §»»#, 8l»«, 
for -» 14, Rg * ht a J » E., a ^  « ag » €3 • . OS 
Test i 1 4 14 44 
0. S$4 .014 .159 .m . w 
.0S4 .lis .Its .4fS 
1.220 s,p. ,t4S .125 ..44f .t®3 ,94S 
n.p. .#4S . l«f .SS7 .744 .f33 
1.840 .itz . zm ..47§ .80S .f4S 
n.p. .1§2 ,25i . 470 .S13 .f4a 
S.iiS @..p. . 101 .IIS .3«i .7SS .w 
a. p. .lit .Iff .4f2 .«i4 .949 
a.,p. . iS0 , 154 ..341 .924 
m 
T&M# 1S» The power of the sometimes pool procedur# 
aad the never pool test of the same size. 
for  nj«l4,  05 
i'lj ir«st I I 4 16 so 
Q.$U s.p, ,mi »lTf ..414 .6f5 ,fIS 
.§41 aii ^ .m ,4S2 ,.fis 
I am .641 .229 »4ii ,7m ,nf 
.OiS .21Z .414 ,f§4 /fll 
Ui.S9 .#$1 .4ft .72f .938 
m.p. .m$ .lis ,4i® .?36 .fSf 
4,SI$ a.f. .#?? ,11$ ,41$ ..iff .fli 
t t .p .  . , t fT ^ ,236 .4 i l  .713 . f36 
,mQ ..i7f .sfs .i?4 .taa 
% 
16. The power @f the so^®aettm#« f>©©l proe«iitti*e 
md the mmt pool test ©I th# nam# «t*«, 
imt Hjw 2.©, 4, n^m 2, m . §5 
®3a 
S^l Y«®l I $ 4 16 64 
0 780 .mn ,147 .$m .m 
m,p. .,§Z7$ ,im .a§4 ,$$B .fOO 
I. lit B..p. ..§64 .II? .4S3 , ..§06 • ,947 
m.p. ,044 ..tS? .SS6 .76:5 ..f33 
1.-9S4 i.f» '..Iff .M7$ .400 .S04 . .944 
m.»p. .109 .ill ..'^iS .S21 ,fSl 
.3.247 .111 .MSB ,4i9 .771 .f33 
It. p.. .iia ...If I .i§S .S3i .fl4 
1.016 s.f. .0i7 .lit • .S61 .744 .UU 
a.p,. .ft? ,233 .441 . 7S§ .f44 
a ,  p .  .m^ aSi  .343 .717 . fM 
f? 
17. Tfee power of lik« pool procedure, 
aad &« tt®v@r pool test •&£ mm» «tee,_ 
for «!» 20,, n^m iO» I,, aj «.a,.g m aj « .'©S 
®S.I 
8^1 T'lssl I I 4 10 10 
L,lt4 «..f. .§61 .22i .4Sf .?33 .944 
a..p-. .Oil .iti .426 .6fS .Wf 
1,789 «,|». ,®fl .161 .4tt ..131 ,938 
m.f, ,mi •Hi ..4Sf .742 .941 
2.« &,p.. .tf4 .Ml .44i .704 .fS2 
a. p. .094 .147 ,4ff .746 .942 
9.§Si .s.f. .iS7 ,1S0 .Sf4 .4?S .924 
m..|». .fit .197 ..4i4 .691 .927 
'a, p. .§Si .Iff .393 .674 .911 
m 
TaM« IS., tlm fowtr ®f -U*® mmMimm proeedmf® 
mn4 &0 xmrmr p&&i I# si of ttie ssmi# «t««, 
£m »j * 14» **3 • ® «k| * • 05 
hz 
T®!ST. I 2 4 i@ SO 
i.Sfi ».P. .03i .347 .fSf 1.000 
a. 1?. ..§J7 .m .643 .f66 1.00.0 
Jp'* .§71 .m *8Si ..fS7 i. 000 
a. p. .®TS . 348 ,7a3 .w 1.000 
i.isf 8. p.. . 13S »Si4 .i2i .fS2 1.000 
m* i». . 135 .4f6 .847 .f94 1.000 
4.S3S s.p. • 114 .3IS .70S .f74 1.000 
m*p* aM .4n .SSI .ffS I. 000 
a. p. .©SO ,28» ,7m .176 1.000 
39 
faWe lf,» The power of th« pool procedmre 
and tiae nmv&w peel test ©f tli«s same sia®, lor 
iij • 20, » 10» ttj m 12, ftj *it^ »a| » »Of 
©gj f«#t. I 2 4 i§ m 
0.S02 i.f. .©as ..314 .817 .fSS l.O'OO 
a. p. .02S a6« .-SSS .944 1,000 
1.174 s.p. .872 ,47f .SIQ ..fS7 i.OOO 
»..p. .072 .SS§ ,f6f . ,.fii 1,000 
1.7Sf «.p. .IS2 .S3.S .814 .fS2 1.000 
a., p. .112 ,.ilf .iSJ .f9.§ 1.000 
.2,. $66 8. p. .nS .411 .714 ..f76 l.OOt 
m.p. 17S ..§71- .fOI ..f96 1.006 
m..p,. .§S0 .2» .702 ..976 l.OOO 
10® 
TaMt 20. flj« f©w« &£ fool proetdttj-# 
m& th# mmx po&l fetsi ©I tk# mme MlMm, 
imst »! «S, •* 2». ,«*«3 • • OS 
®32 
tgj test 1 I 4 4 64 
i.ffS s.p.. .041 .162 .369 .tSf .932 
m.f. .041 .131 ,31S .717 .917 
1.4il .».,|i-. .059 atl .3f4 .746 .933 
n,p. ,059 .176 • ,371 ..7S4 .930 
J,21® ®.p. .071 am ,3n *759 .no 
a. p.. .071 .2i2 .405 .776 .937 
3.5S6 s.f. .062 .149 .312 ,740 .924 
n,p. 062 ,1S3 .3S0 .761 .932 
».p, ,050 .116 .343 .737 .924 
101 
T&M# 11* The paw«3P of the some timet pool proceitwr# 
and the aever pool test of the same siae» i&w 
* 14» ag a 6, Jij » 2, F| « 2F |q# «| * « . ©S 
tm»t I 2 4 16 64 
0.802 a.f. .tSS ..141 ,352 . 7SS .fSO 
a. p. .iS0 ,l:t8 ..27i .67? . f 03 
1.212 s>|>. .016 .IfS .403 .7?S .f49 
».p. .§§6 .170 .163 ,7S0 .928 
1.fSS #..p. .080 .116 .401 .767 .f32 
U,f, .©SO .US .424 .7SS .f40 
6, ISf .064 .166 .ISO .m ,924 
n,p. .§64 .184 . 384 . 764 . 933 
m,p.. .050 ai6 .343 .737 ,924 
102 
faW# 13. The power ®f th# somefcimti pa©! pw^mdwem 
and the mvm pool test of th« sftnae siae* ler 
iij « 14, «2 » 10, « 2» fj •if 1^# a2'34®g-«.0s 
f#st 1 a 4 10 SO 
•0.fS7 S.|», •.«43 . m .4it .. 4Sf .927 
•a, p. .041 . m ,S72 .•B7 .fl7 
l.4tl ® • JP » .. §6.3 ,118 .441 *707 .931 
.mt .. zm .4S0 .701 .930 
z, m ».p. .OB .zu .436 .701 .931 
ii,p. .07S .41.? .720 .935 
3.42,0 s.p. .MS .zm .411 .417 .92® 
.2li .,44.S .710- .932 
«.p> .©50 .iff .If 3 .674 .922 
103 
23 • pm»m @f the peel pyoe«dttiet 
and th» mwer fo®l l«it of llw &mm«t im 
® J * 20:(. lig ss 11^ • M.f ^ J §0* ^2 ^ '^S * * 
^32 
•021 ^•«it i 4 16 $4 
§,843 t.p, .tSl .1S2 ,347 .744 .f34 
».p. .011 ai0 ,171 .6SS ,fes 
1,350 s,p. .ms .2IS ,.422 ;7a0 ,f3? 
a. p. .04S .ifO ,,3if .767 .934 
2.104 s.p. 089 .Ilf .40a '.741 .f3i 
a. p. .m$ .13# ..44i .too .944 
4.Z69 s.p. ,0?| .lil. .1^1 .74a .f24 
a.p* ..#75 .Eif .414 .7S2 .W 
%.p. .©St .116 .S43 ,737 .f24 
im 
Tutel# 24. The power of the sometiia## prueedwfe 
and the never pool test of th# siwaie »i8«» for 
Uj s 20, » 10, n^ » 2, Fj •If a-g, * .05 
•®3a 
©^1 T«ltl i a 4 io 50 
0,$4i s.p. ,§44 .Ifi ...416 .710' ,f41 
.,#44 .m am .660 .918 
1.471 «.f. .#71 ,I3§ .453 .71S ,934 
a., p. ,t7l .225 .449 .7 IS .934 
2.Bf s.p. .§i§ »43l .499 .931 
».»p. .fS© .243 •46.f .7.19 .937 
7.4Si s.p. ..0S7 .179 .393 .67S .922 
m..f, .0S7 .196 .41S ...696 .927 
».p. .iii .179 .19$ ..474 .922 
105 
yaM# 25* The power of the 3ometim«s pool procedure 
and the never pool test of the saxBe size, for 
Rj .9 14, a » 10» » 12, Fj s? ZF ~ ®'3 • 
©gj i I 4 16 SO 
t.fST S,F/ »3S4 »W .914 L,0W 
m,p, .m ..411 .%f 1.000 
l..«l s..f. 083 .414 ' ,,.a@S ,fil • i.00O 
a. p. .0SS .iff ..Tfl .fiS 1.0OO-. 
1,135 »»p.. .in »41t ,7BZ ,9n l.mQ 
m.p. ,117 .4$0 ,M$ .f9S 1.000 
3.4Ii • .Its .329 .t®l ..fli LtOO' 
m.^.. '.Wi .431 ,mi .ffl ^ 1,0§0 
,m$ .lio • .10:1 .f?4 i,mo 
im 
26,. The power of the sometimes f@i0l praCftiwr# 
and the never pool test of the «&*»• «1««* for 
Hj at 20, fig » 10» n^silZ, FjalF gg* <» *9B 
hz 
®H 'Jmi 1 I 4 It 
i.fM ».p.. .040 ,li$ .§2f ,f.SS l.WO 
.«4« .144 .661 .f7i i.00O 
I..47I. s,p. am .m .in .f«i i.wa 
m.p. .WS *411 .ftiS .ffl 1.000 
a,3Sf s.f, ,141 ,4S$ .716 ,ft6 l.ti© 
•».p. .Ml .SI2 ,814 .ffS l.W'O 
m.p.. .050 ,ai0 .WI ,fT4 1.006 
107 
TaM« 2f. ^iie power 
and the never p©©l l«®t of tte $mmii sl*e, iot 
a 20, Ug » fe, »I, •ii| * ,. 25* « . §S 
®32 
ig j  tmt  I  I  4  16 44  
1 s.p, ,ifl ,161 .3AS .7S? .fSO 
m.p* .&3S ..117 .-314 »ms .913 
l.S s,p. ,©4© ,lSf .3SS ,7S6 .930 
m.p, .®W .Its ,3-f3 *7S? .930 
a s,.p. ,©4S .Ift .371 .fSl .928 
a, p. .$m .Its .396 .771 .911 
3 t.p. »®4» .lis *141 .743 ..926 
a., p. .04S ,194 .394 .770 .935 
.S «.p.. .©fS .164 .34S .73S .924 
.a, p. ..Its ,369 .7S4 .930 
w.p. .010 .IM .343 .737 .924 
108 
f a.M« It* Til.* pemmw mi soi»eti»#» foel pr«f#iar« 
mA. a«'<r«t pml test ol tti©' «»me «i*«* f©r 
•ttj » 14, • li»- »3 » 12, «| • * IS» » 4^ » . OS 
©21 'Tsft I 
«, ?14 »,,p, ,®I$ 
• n*|>. ,®|J 
i./045. 8, p. .fSf 
ij, iff 
i . s fs  . i?s  
»»|3i, 075 
2.SfI 8. p. .»fS.I 
a, f, til 
ft,.06# «»f.. .Of® 
a. f« «01® 
au 








































• fli® p«w®if .of #®m«tiaies f#©l 
aiid the nmrnr f#©i test ©f thm mme fot 
«j » 20, Ug * 16, »12, it| » , IS, «&j * . iS 
#21 ?«®t .1 2 4 10 SO 
I.em »*p, ..S4.4 ,m4 :ni .,97f i.M'O 
m-.f. .§44 ,ISf ..67f .973 1.#®© 
1,70S »..p, »®i4 .3i§ .714 .976 l..,.§©0 
a. p., ...isi ..3if ,.?ff ,fga 1,000 
.2*fi4 .s.p., .iff ,7§i .f7i' i.&m 
,.0ff .Sif *fi4 .f|7 l.WO 
S.3ff ,©S0^ .ISf .W .f7.5 1.000 
»,p. ,.tSi ,.2i© ...701 ..976 L00§ 
1Ps,W«- it. The power of the heritflitts- mmmtimm 
furocediire and lh« mmw f©ol t««t &t fehe ®am« 
@tee for lij * 20, « 2 
'3t 
@ 21 Trnm I 14 U 
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,0§S Am • Ml 731 .924 
I l l  
TaM« 31,/ The power ©f iOia.®tto## p©0l' 
procedure imi m#ve» pml imt mt th# 
same size f0r «j * Ii,; Mg « 19^ • 2 
®21 Test 1 a 4 10 50 
1.0 B.p,. .§3# .1# . I4| ABB .917 
ii.p* . m .311 Am .f04 
1.5 9 * p ,  .mi . iiS .3t4 Am .ni 
a.p» .041 . ISS ABZ .fl4 
2.0 B , p .  .©4fe ,17S .Sft A13 .fl2 
n.p. , 170 ,. SS2 Am *919 
3.i .®4f .17S .3?$ .#74 ,mz 
• a,, p. . ®4f All .Sfl .kn ,fll 
ii,p» .§5 .179 ,.3f3 A74 ,nz 
